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1
ADJUSTABLE VERTICAL EXHAUST DUCT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application No. 61/186,933, filed on Jun. 15, 2009, and U.S.
Provisional Patent Application No. 61/164,499, filed on Mar.
30, 2009, each of which is incorporated by reference in its
entirety.

BACKGROUND OF THE INVENTION

The present invention relates to an adjustable vertical
exhaust duct and, in particular, the invention relates to an
adjustable vertical exhaust duct to be mounted on a server
cabinet in a data center room.

Currently available vertical exhaust ducts channel hot air
from the server cabinet into the exhaust air plenum of the data
center room. However, the server cabinets and the data center
exhaust air plenums come in different heights, potentially
leaving a variable gap between the top of the server cabinets
and the plenum.

Therefore, there is a need for an adjustable vertical exhaust
duct that will accommodate varying heights between server
cabinets and exhaust air plenums to ensure that hot air is
evacuated from the server cabinet and channeled into the
exhaust air plenum.

SUMMARY OF THE INVENTION

Certain embodiments of the present invention provide a
vertical exhaust duct for an electronic equipment enclosure.
The vertical exhaust duct includes an inner duct section and
an outer duct section. The inner duct section nests within the
outer duct section and telescopes to adjust the height of the
vertical exhaust duct.

In certain embodiments of the present invention, the outer
duct section includes at least one elongated opening for secur-
ing the vertical exhaust duct at a desired height.

In certain embodiments of the present invention, the outer
duct section includes at least one pawl for securing the verti-
cal exhaust duct at a desired height.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top perspective view of an adjustable vertical
exhaust duct in accordance with the present invention,
wherein the exhaust duct is installed on the top of a server
cabinet in the lowest position;

FIG. 2 is a top perspective view of the adjustable vertical
exhaust duct of FIG. 1, wherein the exhaust duct is installed
on the top of the server cabinet in a fully extended position;

FIG. 3 is a top perspective view of two halves of an outer
duct section of FIG. 2, before they are assembled together;

FIG. 4 is a detailed view of one of the locking systems and
the grounding system of the adjustable vertical exhaust duct
of FIG. 2, wherein four identical nut and bolt locking systems
secure the outer duct section to an inner duct section;

FIG. 5 is a cross-sectional view of the locking system of
FIG. 4, wherein the locking system secures the outer duct
section to the inner duct section;

FIG. 6 is a cross-sectional view of the grounding system of
FIG. 4, wherein the grounding system grounds the outer duct
section to the inner duct section;

FIG. 7 is a top perspective view of an adjustable vertical
exhaust duct in accordance with another embodiment of the
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2

present invention, wherein the exhaust duct is installed on the
top of a server cabinet in the lowest position;

FIG. 8 is a top perspective view of the adjustable vertical
exhaust duct of FIG. 7, wherein the exhaust duct is installed
on the top of the server cabinet in a fully extended position;

FIG. 9 is a detailed view of one of the locking systems of
the adjustable vertical exhaust duct of FIG. 7, wherein four
identical pawl locking systems secure an outer duct section to
an inner duct section;

FIG. 10 is a top side perspective view of the outer duct
section of FIG. 9;

FIG. 11 is a top front perspective view of the inner duct
section of FIG. 9;

FIG. 12 is a cross-sectional view of the locking system of
FIG. 9, wherein the locking system secures the outer duct
section to the inner duct section;

FIG. 13 is a top perspective view of an adjustable vertical
exhaust duct in accordance with another embodiment of the
present invention, wherein the exhaust duct is installed on the
top of a server cabinet in the lowest position;

FIG. 14 is a top perspective view of the adjustable vertical
exhaust duct of FIG. 13, wherein the exhaust duct is installed
on the top of the server cabinet in a fully extended position;

FIG. 15 is a detailed view of one of the locking systems of
the adjustable vertical exhaust duct of FIG. 14, wherein four
identical locking systems support the inner duct section on
the outer duct section;

FIG. 16 is a cross-sectional view of the locking system of
FIG. 15;

FIG. 17 is a top perspective view of an adjustable vertical
exhaust duct in accordance with another embodiment of the
present invention, wherein the exhaust duct is installed on the
top of a server cabinet in the lowest position;

FIG. 18 is a top perspective view of the adjustable vertical
exhaust duct of FIG. 17, wherein the exhaust duct is installed
on the top of the server cabinet in a fully extended position;

FIG. 19 is a detailed view of one of the locking systems of
the adjustable vertical exhaust duct of FIG. 18, wherein four
identical bar clamp locking systems secure an outer duct
section to an inner duct section;

FIG. 20 is a detailed view of the adjustable vertical exhaust
duct of FIG. 19, wherein the outer duct section has been
removed;

FIG. 21 is a cross-sectional view of the locking system of
FIG. 20, wherein the locking system secures the outer duct
section to the inner duct section;

FIG. 22 is a top perspective view of an adjustable vertical
exhaust duct in accordance with another embodiment of the
present invention, wherein the exhaust duct is shown in the
lowest position;

FIG. 23 is a top perspective view of the adjustable vertical
exhaust duct of FIG. 22, wherein the exhaust duct is shown in
a fully extended position;

FIG. 24 is a top perspective view of the components of an
outer duct section of FIG. 23, before they are assembled
together;

FIG. 25 is a detailed view of a portion of the outer duct
section of FIG. 24 after assembly;

FIG. 26 is a top perspective view of the components of an
inner duct section of FIG. 23, partially assembled;

FIG. 27 is a detailed view of one of the locking systems of
the adjustable vertical exhaust duct of FIG. 23, wherein four
identical nut, screw and slot locking systems secure the outer
duct section to the inner duct section;

FIG. 28 is a top perspective view of an adjustable vertical
exhaust duct in accordance with another embodiment of the
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present invention, wherein the exhaust duct is installed on the
top of a server cabinet in a fully extended position;

FIG. 29 is a top perspective view of the adjustable vertical
exhaust duct of FIG. 28;

FIG. 30 is a detailed view of section A of FIG. 29;

FIG. 31 is a detailed view of one of the locking systems of
the adjustable vertical exhaust duct of FIG. 28, wherein four
identical locking systems secure a lower duct section to an
upper duct section;

FIG. 32 is a detailed view of one of the lockout systems of
anadjustable vertical exhaust duct in accordance with another
embodiment of the present invention, wherein a pawl lockout
is in a disengaged position with a pawl;

FIG. 33 is a cross-sectional view of the lockout system of
FIG. 32;

FIG. 34 is a detailed view of one of the lockout systems of
the adjustable vertical exhaust duct of FIG. 32, wherein the
pawl lockout is engaged with the pawl; and

FIG. 35 is a cross-sectional view of the lockout system of
FIG. 34, wherein the lockout system is engaged and the pawl
is disengaged.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1-6 illustrate an adjustable vertical exhaust duct 30
which is mounted on server cabinet 32 in a data center room.
Exhaust duct 30 will channel the hot air from server cabinet
32 into the exhaust air plenum of the data center room. Server
cabinets 32 and the exhaust air plenums come in different
heights, potentially leaving a variable gap between the top of
server cabinets 32 and the plenums. Exhaust duct 30 can
accommodate these varying heights.

FIG. 1 shows exhaust duct 30 installed on the top of server
cabinet 32 in its lowest position, and FIG. 2 shows exhaust
duct 30 in a fully extended position. Exhaust duct 30 includes
outer duct section 34 and inner duct section 36. Preferably,
outer duct section 34 is larger than inner duct section 36.

FIG. 3 shows the formed pieces of outer duct section 34.
Outer duct section 34 comprises a first portion 38 and a
second portion 40. First portion 38 has top flanges 42, side
flanges 44 and four mating loop flanges 46. Top flanges 42
may include a foam gasket seal that will press against the
exhaust air plenum to ensure that hot air is evacuated from
server cabinet 32 and channeled into the exhaust air plenum.
Side flanges 44 overlaps side flanges 48 on second portion 40
to allow first and second portions 38, 40 to be spot-welded or
riveted together. Inner duct section 36 has a similar two-piece
construction.

As shown in FIG. 4, outer duct section 34 includes a mating
loop flange 46 having a first aperture 50 and a second aperture
52. Preferably, second aperture 52 is larger than first aperture
50. Inner duct section 36 includes a mating loop flange 54
having a plurality of apertures 56. Preferably, apertures 56 are
the same size as first aperture 50 and smaller than second
aperture 52. First aperture 50 is aligned with one of apertures
56 and a nut 58 and bolt 60 secure outer duct section 34 to
inner duct section 36, as shown in FIG. 5. Similarly, second
aperture 52 is aligned with a different one of apertures 56 and
anut 62, bolt 64 and two paint piercing washers 66, 68 secure
outer duct section 34 to inner duct section 36, as well as
ground the duct sections together. First washer 66 bites into
outer duct section 34 and second washer 68 bites into inner
duct section 36, as shown in FIG. 6.

In operation, an installer begins with exhaust duct 30 in its
lowest position, as shown in FIG. 1. The installer raises outer
duct section 34 up to the exhaust air plenum, aligns first
aperture 50 with one of apertures 56 and installs bolt 60 to
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secure outer duct section 34 in place. Nut 58 is installed and
tightened to secure the connection. Once the height has been
set, bolt 64, first washer 66, second washer 68 and nut 62 are
installed to ground outer duct section 34 to inner duct section
36. After installation, exhaust duct 30 may be in a partially
extended position or the fully extended position shown in
FIG. 2.

FIGS. 7-12 illustrate an adjustable vertical exhaust duct
130 which is mounted on server cabinet 132 in a data center
room. Exhaust duct 130 will channel the hot air from server
cabinet 132 into the exhaust air plenum of the data center
room. Server cabinets 132 and the exhaust air plenums come
in different heights, potentially leaving a variable gap
between the top of server cabinets 132 and the plenums.
Exhaust duct 130 can accommodate these varying heights.

FIG. 7 shows exhaust duct 130 installed on the top of server
cabinet 132 in its lowest position, and FIG. 8 shows exhaust
duct 130 in a fully extended position. Exhaust duct 130
includes outer duct section 134 and inner duct section 136.
Preferably, outer duct section 134 is larger than inner duct
section 136.

As shown in FIGS. 10 and 12, outer duct section 134
includes locking block 138 bolted near the top edge of outer
duct section 134. Locking block 138 comprises pawl 140
having a plurality of teeth 142, spring 144 and slot 146 for
receiving an adjustment rod. Preferably, pawl 140 is steel.

As best seen in FIGS. 9 and 11, inner duct section 136 has
top flanges 148 that may include a foam gasket seal that will
press against the exhaust air plenum to ensure that hot air is
evacuated from server cabinet 132 and channeled into the
exhaust air plenum. Inner duct section 136 also has a channel
150 including spacer 152, adjustment bar 154 and nut 156.
Preferably, adjustment bar 154 is aluminum. Before spacer
152 and nut 156 are installed, locking block 138 is assembled
onto adjustment bar 154. FIG. 12 shows adjustment bar 154
attached to inner duct section 136 with stud 158 and nut 160.

In operation, an installer begins with exhaust duct 130 in its
lowest position, as shown in FIG. 7. The installer raises inner
duct section 136 up to the exhaust air plenum, and inner duct
section 136 is automatically locked in place against the
exhaust air plenum. As shown in FIG. 12, pawl 140 is spring-
loaded against adjustment bar 154 and teeth 142 bite into
adjustment bar 154 to prevent adjustment bar 154 from slip-
ping downward during the adjustment of inner duct section
136. After installation, exhaust duct 130 may be in a partially
extended position or the fully extended position shown in
FIG. 8. To release and lower inner duct section 136, the
installers need to push down on each of four pawls 140.

FIGS. 13-16 illustrate an adjustable vertical exhaust duct
230 which is mounted on server cabinet 232 in a data center
room. Exhaust duct 230 will channel the hot air from server
cabinet 232 into the exhaust air plenum of the data center
room. Server cabinets 232 and the exhaust air plenums come
in different heights, potentially leaving a variable gap
between the top of server cabinets 232 and the plenums.
Exhaust duct 230 can accommodate these varying heights.

FIG. 13 shows exhaust duct 230 installed on the top of
server cabinet 232 in its lowest position, and FIG. 14 shows
exhaust duct 230 in a fully extended position. Exhaust duct
230 includes outer duct section 234 and inner duct section
236. Preferably, outer duct section 234 is larger than inner
duct section 236.

As shown in FIGS. 15 and 16, outer duct section 234
includes locking block 238 and set screw 240. Locking block
238 can sit on the top edge of outer duct section 234 or locking
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block 238 can be attached to outer duct section 234 by known
attachment means. Locking block 238 has slot 242 for receiv-
ing an adjustment bar.

Inner duct section 236 may include top flanges and a foam
gasket seal that will press against the exhaust air plenum to
ensure that hot air is evacuated from server cabinet 232 and
channeled into the exhaust air plenum. As best seen in FIG.
15, inner duct section 236 also includes channel 244 having
adjustment bar 246.

In operation, an installer begins with exhaust duct 230 in its
lowest position, as shown in FIG. 13. The installer raises inner
duct section 236 up to the exhaust air plenum, holds inner duct
section 236 in place and tightens the four set screws 240 to
prevent inner duct section 236 from sliding back down inside
outer duct section 234. After installation, exhaust duct 230
may be in a partially extended position or the fully extended
position shown in FIG. 14. To release and lower inner duct
section 236, the installers need to hold onto inner duct section
236 and loosen four set screws 240. Inner duct section 236 is
now free to move down.

FIGS. 17-21 illustrate an adjustable vertical exhaust duct
330 which is mounted on server cabinet 332 in a data center
room. Exhaust duct 330 will channel the hot air from server
cabinet 332 into the exhaust air plenum of the data center
room. Server cabinets 332 and the exhaust air plenums come
in different heights, potentially leaving a variable gap
between the top of server cabinets 332 and the plenums.
Exhaust duct 330 can accommodate these varying heights.

FIG. 17 shows exhaust duct 330 installed on the top of
server cabinet 332 in its lowest position, and FIG. 18 shows
exhaust duct 330 in a fully extended position. Exhaust duct
330 includes outer duct section 334 and inner duct section
336. Preferably, outer duct section 334 is larger than inner
duct section 336.

As shown in FIGS. 19 and 20, outer duct section 334
includes locking block 338 bolted near the bottom edge of
outer duct section 334. Locking block 338 comprises a slot
340 for receiving an adjustment rod, lock block tab 342, bar
lock 343 having bar lock tab 344 and spring 346.

Inner duct section 336 may have top flanges and a foam
gasket seal that will press against the exhaust air plenum to
ensure that hot air is evacuated from server cabinet 332 and
channeled into the exhaust air plenum. Inner duct section 336
also has a channel 348, and channel 348 includes mounting
bracket 350 having slot 352 for receiving adjustment bar 354
and roll pin 356. Adjustment bar 354 is attached to inner duct
section 336 through mounting bracket 350 and retained by
roll pin 356. Preferably, adjustment bar 354 has teeth 358 on
one side for engaging bar lock 343.

In operation, an installer begins with exhaust duct 330 in its
lowest position, as shown in FIG. 17. The installer raises outer
duct section 334 up to the exhaust air plenum, and outer duct
section 334 is automatically locked in place against the
exhaust air plenum. As shown in FIG. 21, compression spring
346 forces bar lock 343 at an angle with respect to adjustment
bar 354 causing the edge of the slot opening in bar lock 343 to
bite into teeth 358 of adjustment bar 354, thus locking outer
duct section 334 at any point along adjustment bar 354. After
installation, exhaust duct 330 may be in a partially extended
position or the fully extended position shown in FIG. 18. To
release and lower outer duct section 334, the installers need to
squeeze bar lock tabs 344 against lock block tabs 342 that are
located on all four corners of outer duct section 334. Outer
duct section 334 is then free to move down.

FIGS. 22-27 illustrate an adjustable vertical exhaust duct
430 which is mounted on a server cabinet in a data center
room. Exhaust duct 430 will channel the hot air from the
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server cabinet into the exhaust air plenum of the data center
room. The server cabinets and the exhaust air plenums come
in different heights, potentially leaving a variable gap
between the top of the server cabinets and the plenums.
Exhaust duct 430 can accommodate these varying heights.

FIG. 22 shows exhaust duct 430 in its lowest position, and
FIG. 23 shows exhaust duct 430 in a fully extended position.
In its lowest position, exhaust duct 430 is preferably 34 inches
high. In the fully extended position, exhaust duct 430 is
preferably 60 inches high. Exhaust duct 430 includes outer
duct section 434 and inner duct section 436. Preferably, outer
duct section 434 is larger than inner duct section 436.

FIG. 24 shows the formed pieces of outer duct section 434.
Outer duct section 434 comprises two end panels 438, two
side panels 440 and duct bottom 442. As shown in FIG. 25,
end panels 438 and side panels 440 hook together at the
corners using open hems on each piece and are held together
with threaded fasteners. The end panel and side panel assem-
bly is attached to duct bottom 442.

FIG. 26 shows the formed pieces of inner duct section 436.
Inner duct section 436 comprises two end panels 444, two
side panels 446 and top flanges 448. End panels 444 and side
panels 446 hook together at the corners using open hems on
each piece and are held together with threaded fasteners. Top
flanges 448 are attached to the top edges of inner duct section
436. Top flanges 448 may include a foam gasket seal that will
press against the exhaust air plenum to ensure that hot air is
evacuated from the server cabinet and channeled into the
exhaust air plenum.

Outer duct section 434 includes a plurality of slots 450.
Preferably, each slot 450 is identical. Inner duct section 436
includes a plurality of apertures having a plurality of nuts 452.
Preferably, each aperture is identical and each nut 452 is a
PEM nut. As shown in FIG. 27, slots 450 in outer duct section
434 align with nuts 452 on inner duct section 436 and screws
hold outer and inner duct sections 434, 436 together at the
desired height. The screws may include paint piercing wash-
ers to ground outer and inner duct sections 434, 436 together.
Also, outer duct section 434 overlaps inner duct section 436 to
cover each slot 450 and prevent air leakage.

In operation, an installer begins with exhaust duct 430 in its
lowest position, as shown in FIG. 22. The installer raises inner
duct section 436 up to the exhaust air plenum, aligns slots 450
in outer duct section 434 and nuts 452 on inner duct section
436, and installs screws to secure outer duct section 434 to
inner duct section 436. After installation, exhaust duct 430
may be in a partially extended position or the fully extended
position shown in FIG. 23.

FIGS. 28-31 illustrate an adjustable vertical exhaust duct
530 which is mounted on server cabinet 532 in a data center
room. Exhaust duct 530 will channel the hot air from server
cabinet 532 into the exhaust air plenum of the data center
room. Server cabinets 532 and the exhaust air plenums come
in different heights, potentially leaving a gap between the top
of'server cabinets 532 and the plenums. Exhaust duct 530 can
accommodate these varying heights.

FIG. 28 shows exhaust duct 530 installed on the top of
server cabinet 532 in its fully extended position. As best seen
in FIG. 29, exhaust duct 530 includes lower duct section 534
and upper duct section 536. Preferably, lower duct section
534 is larger than upper duct section 536. Exhaust duct 530 is
similar to exhaust duct 30 shown in FIGS. 1-6, except exhaust
duct 530 has recessed mating loop flanges 538, 540 that create
an adjustment channel recessed from the front face of lower
duct section 534 and upper duct section 536 (see FIG. 30).

As shown in FIG. 31, lower duct section 534 includes
mating loop flange 538 having two apertures 542. Upper duct
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section 536 includes mating loop flange 540 having a plural-
ity of apertures 544. Preferably, apertures 542 are the same
size as apertures 544. One of apertures 542 is aligned with one
of apertures 544 and a fastener, such as a screw, bolt or clevis,
secures lower duct section 534 to upper duct section 536.

In operation, an installer begins with exhaust duct 530 in its
lowest position. The installer raises upper duct section 536 up
to the exhaust air plenum, aligns one of apertures 542 with
one of apertures 544 and installs the fastener to secure upper
duct section 536 in place. After installation, exhaust duct 530
may be in a partially extended position or the fully extended
position shown in FIGS. 28 and 29.

FIGS. 32-35 illustrate an adjustable vertical exhaust duct
630 which is mounted on a server cabinet in a data center
room. Exhaust duct 630 will channel the hot air from the
server cabinet into the exhaust air plenum of the data center
room. The server cabinets and the exhaust air plenums come
in different heights, potentially leaving a gap between the top
of'the server cabinets and the plenums. Exhaust duct 630 can
accommodate these varying heights. As best seen in FIGS. 32
and 34, upper duct section 636 has top flanges 638 that may
include a foam gasket that will press against the exhaust air
plenum to ensure that hot air is evacuated from the server
cabinet and channeled into the exhaust air plenum.

Exhaust duct 630 includes lower duct section 634 and
upper duct section 636. Preferably, lower duct section 634 is
larger than upper duct section 636. Exhaust duct 630 is similar
to exhaust duct 130 shown in FIGS. 7-12, except exhaust duct
630 has pawl lockout 640. Paw] lockout 640 allows installers
to lockout pawl 642 from engaging adjustment bar 644, free-
ing upper duct section 636 so it can be lowered. By deacti-
vating pawl lockout 640, pawl 642 will automatically engage
adjustment bar 644 and lock the location of exhaust duct 630.
Preferably, pawl 642 is steel and adjustment bar 644 is alu-
minum.

In operation, an installer begins with exhaust duct 630 in its
lowest position. The installer raises upper duct section 636 up
to the exhaust air plenum, and upper duct section 636 is
locked in place against the exhaust air plenum. FIG. 32 shows
pawl lockout 640 in the disengaged position, allowing pawl
642 to engage adjustment bar 644 and lock exhaust duct 630
in place. As shown in FIG. 33, pawl 642 is spring-loaded
against adjustment bar 644 and teeth 646 bite into adjustment
bar 644. In the disengaged position, pawl lockout 640 is
positioned below stop screw 648 (see FIG. 32).

After installation, exhaust duct 630 may be in a partially
extended position or a fully extended position. To release and
lower upper duct section 636, the installer rotates pawl lock-
out 640 one hundred eighty degrees from its position in FIG.
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32 to lockout pawl 642 from engaging adjustment bar 644
(FIG. 35). As shown in FIG. 34, pawl lockout 640 is engaged
with pawl 642, freeing upper duct section 636 so it can be
lowered. In the engaged position, pawl lockout 640 is posi-
tioned above stop screw 648.

While the particular preferred embodiments of the present
invention have been shown and described, it will be obvious
to those skilled in the art that changes and modifications may
be made without departing from the teaching of the invention.
The matter set forth in the foregoing description and accom-
panying drawings is offered by way of illustration only and
not as limitation. The illustrated embodiments are examples
only and should not be taken as limiting the scope of the
present invention. The claims should not be read as limited to
the described order or elements unless stated to that effect.
Therefore, all embodiments that come within the scope and
spirit of the following claims and equivalents thereto are
claimed as the invention.

The invention claimed is:

1. A vertical exhaust duct for an electronic equipment
enclosure, the vertical exhaust duct comprising:

an inner duct section and an outer duct section,

wherein the inner duct section nests within the outer duct

section and telescopes to adjust a height of the vertical
exhaust duct,

wherein the outer duct section includes at least one spring-

loaded pawl for securing the vertical exhaust duct at a
desired height,

wherein the spring-loaded pawl allows the inner duct sec-

tion to expand and prevents the inner duct from retract-
g,

wherein the inner duct section includes a channel and a bar

disposed in the channel,

wherein the bar is deformable such that the spring-loaded

pawl deforms the bar to secure the vertical exhaust duct
at the desired height,

wherein the inner duct section includes a top flange,

wherein the top flange includes a seal.

2. The vertical exhaust duct of claim 1, wherein the spring-
loaded pawl engages the inner duct section.

3. The vertical exhaust duct of claim 2, wherein the outer
duct section includes a spring-loaded pawl lockout for disen-
gaging the spring-loaded pawl from the inner duct section.

4. The vertical exhaust duct of claim 1, wherein the spring-
loaded pawl is steel and the bar is aluminum.

5. The vertical exhaust duct of claim 1, further comprising
a base for securing the outer duct section to the electronic
equipment enclosure.
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